been only limited studies evaluating the consequences of pleural effusion for cirrhotic patients. [6] [7] [8] [9] While patients with ascites can often tolerate up to at least 5-8 L of fluid with only mild symptoms, cirrhotic patients with pleural effusion can experience severe symptoms with as little as 1-2 L of fluid, and sometimes less. [10] There is also a paucity of studies reporting the effects of pleural effusion on mortality in cirrhotic patients. [9] In this study, we used a nationwide population-based dataset from Taiwan to determine the short-and long-term effects of pleural effusion on mortality in cirrhotic patients and aimed to identify the predictive factors for the long-term mortality.
PATIENTS AND METHODS

Database
The secondary de-identified database used in our study was derived from the National Health Insurance Research Database (NHIRD) in Taiwan, established by Taiwan National Health Insurance Administration. In 1995, Taiwan rolled out the National Health Insurance Program. Currently, the National Health Insurance Board covers >99% of the population in Taiwan. For medical payment, all medical records from all contracted medical institutions are required by the NHIB. This dataset includes all diagnostic coding information of hospitalized patients in Taiwan. The privacy of patients and health care providers was protected. This study was approved by the National Health Research Institute in Taiwan with the application and agreement number 101516. To date, many studies have been published based on this database. [11] [12] [13] [14] This study was initiated with approval of the Institutional Review Board of the Buddhist Dalin Tzu Chi Hospital, Chiayi, Taiwan (IRB B10104010). The review board in this program waived the requirement for written informed consent from all patients enrolled in this study. In this study, the researchers cannot identify any personal information of patients in this secondary de-identified database.
Study sample
This retrospective study included patients who were discharged with the diagnosis of cirrhosis (International Classification of Diseases, 9
th Revision, Clinical Modification code 571.5, or 571.2 in the database; ICD-9-CM) between January 1, 2007 and December 31, 2007. Each patient was followed individually until December 31, 2010. In this situation, the pleural effusion group was defined as cirrhotic patients with pleural effusion requiring drainage during hospitalization. We used the medical payment code in NHIRD for defining the patients with pleural effusion requiring drainage. In the cases of multiple hospitalizations, only the first episode was enrolled.
In order to analyze the effect of pleural effusion on the mortality of cirrhotic patients, we selected the factors related to the mortality of cirrhotic patients as comorbid medical factors, including alcoholism (ICD-9-CM codes 291, 303, 305.00-305.03, 571.0-571.3), esophageal variceal bleeding (EVB) (ICD-9-CM code 456.0, 456.20), pneumonia (ICD-9-CM codes 481-487, without 484), hepatic encephalopathy (HE) (ICD-9-CM code 572.2), heart failure (ICD-9-CM codes 428.0, 428.1,428.9), lung cancer (ICD-9-CM codes 162), hepatocellular carcinoma (HCC) (ICD-9-CM code 155.0), renal function impairment (RFI), ascites, and liver transplantation. Patients with RFI were defined as those with diagnostic codes related to RFI (ICD-9-CM code 584, 585, 586, 572.4, or other procedure codes relate to renal failure). [14] We used the medical payment code in NHIRD for defining the patients with ascites requiring drainage or liver transplantation. To evaluate the early and late effects of liver transplantation on the mortality in cirrhotic patients with pleural effusion, we calculated the mortalities in each period for surviving analysis.
Statistical analyses
Statistical analyses were performed using the SPSS Statistics package (SPSS Inc. Released 2009. PASW Statistics for Windows, Version 18.0. Chicago: SPSS Inc.). The Chi square test was used to compare categorical variables. Student's t-test was used to compare continuous variables. The proportional hazards Cox regression model was used to control for possible confounding factors, including sex, age, HCC, RFI, HE, pneumonia, EVB, alcoholism, liver transplantation, heart failure, lung cancer, and ascites requiring drainage. We presented hazard ratios (HRs) with 95% confidence intervals (CI), and values of P < 0.05 were considered statistically significant. HR for mortality was calculated for the comparison between the patients with and without liver transplantation. The starting point for evaluating the 30-day, 90-day, 1-year, and 3-year mortalities in the cirrhotic patients with pleural effusion was the date of admission in the enrolled hospitalizations.
RESULTS
Baseline characteristics and treatment outcomes
A total of 3,487 cirrhotic patients with pleural effusion requiring drainage were enrolled in this study. Mean age of the patients was 60.3 ± 14.2 years; 71.3% (2,487/3,487) were male. The demographic characteristics and comorbidities of the cirrhotic patients with pleural effusion are shown in Table 1 . The 30-day, 90-day, 1-year, and 3-year mortalities were 20.1%, 40.2%, 59.1%, and 75.9%, respectively, in the cirrhotic patients with pleural effusion. There were 631 (18.0%) patients with ascites requiring drainage, 141 (4.0%) patients with congestive heart failure, 104 (3.0%) with a history of lung cancer, 1015 (29.1%) patients with a history of HCC, 389 (12.2%) patients with HE, 226 (6.5%) patients with bleeding esophageal varices, 605 (17.3%) patients with pneumonia, and 509 (14.6%) patients with RFI. Overall, 105 (3.0%) patients underwent liver transplantation. Table 2 shows the results of Cox proportional regression model analysis, adjusted by age, sex, and other comorbid disorders including heart failure, HCC, EVB, pneumonia, alcoholism, RFI, and HE for the hazard ratios for 3-year mortality in cirrhotic patients with pleural effusion requiring drainage. The HR of the liver transplantation for the 3-year mortalities of cirrhotic patients was 0.17 (95% CI 0.11-0.26, P < 0.001). The RFI, old age, EVB, HCC, pneumonia, and HE conferred higher risks for mortality in the cirrhotic patients. As ascites, heart failure, and lung cancer are important etiological factors for pleural effusion, analysis was done by excluding those patients. After excluding (N = 2684), the 30-day, 90-day, 1-year, and 3-year mortalities were 19.3%, 38.6%, 60%, and 75.4%, respectively. No difference in mortality was observed at 30-day, 90-day, 1-year, and 3-year between the cohorts with and without excluding patients (Log-rank test: P = 0.479, 0.486, 0.915, and 0.708, respectively).
Clinical features associated with 3-year mortality
Mortality and cumulative survival after liver transplantation
In order to evaluate the early and late effects of liver transplantation on mortality, we also calculated the 30-day mortality, 90-day mortality of the patients surviving more than 30 days, the 1-year mortality of the patients surviving more than 90 days, and 3-year mortality of the patients surviving more than 1 year. The 30-day, 30 to 90-day, 90-day to 1-year, and 1 to 3-year mortalities were 5.7%, 13.4%, 20.4%, and 21.7% respectively, in the liver transplantation group, and 20.5%, 41.0%, 61.2%, and 77.5% respectively, in the non-liver transplantation group. After Cox proportional regression analysis adjusted by age, gender, and other comorbid factors, the HRs for 30-day, 30 to 90-day, 90-day to 1-year, and 1 to 3-year mortalities in patients who accept liver transplantation were 0.25 (95% CI 0.10-0.60, P = 0.002), 0.23 (95% CI 0.12-0.46 P < 0.001), 0.18 (95% CI 0.08-0.38, P < 0.001), and 0.03 (95% CI 0.01-0.24, P = 0.001), respectively, compared to the non-liver transplantation group. [ Table 3 ]. Figure 1 shows the cumulative survival plot for these two groups.
DISCUSSION
In cirrhotic patients, the incidence of pleural effusion derived from hepatic hydrothorax varies from 16% to 70% according to the criteria of different studies. [9, 15] Hepatic hydrothorax has been defined as a pleural effusion, typically of a volume greater than 500 mL, in cirrhotic patients without coexisting cardiopulmonary disease.
[ [16] [17] [18] [19] However, the limitation of this definition is the requirement to exclude other etiologies for the pleural effusion. In clinical practice, cirrhotic patients with cardiopulmonary disease may also develop hepatic hydrothorax because of a diaphragm defect. According to this definition, pleural effusion related to ascites in cirrhotic patients with underlying cardiopulmonary disease would be excluded from most clinical studies. This may indicate a lower incidence than what exists. For example, in one study, 223 of 495 (45.1%) detailed pleural effusion analyses were not available for cirrhotic patients. [9] All these factors may lead to the limited usage of diagnosis criteria to present the hepatic hydrothorax and cannot present the whole view of pleural effusion in cirrhotic patients.
Regarding the etiology of pleural effusion, the presence of fluid in the pleural cavity can affect the respiratory or circulatory system. Unlike ascites where large volumes are generally tolerated due to the large capacitance of the peritoneal cavity, small volumes of about 1-2 L of fluid within the pleural space can lead to significant symptoms. [16] This means the presence of pleural effusion in cirrhotic patients is usually a significant problem, and the risk it presents for the short-and long-term morality should be better understood.
The high mortality of cirrhotic patients with ascites is well known, mostly due to their decompensated status and susceptibility to infectious diseases. [20, 21] Compared to studies evaluating the effects of ascites, there are only limited studies that have examined the risk for mortality in cirrhotic patients with pleural effusion. [5] [6] [7] [8] [9] Our study highlights the long-term prognosis for cirrhotic patients with pleural effusion and showed the effect of pleural effusions on mortality in the period from 30 days to 3 years after drainage. In clinical situations, cirrhotic patients with pleural effusion usually experience shortness of breath and signs of infection. Cirrhotic patients with pleural effusion may receive thoracentesis for symptom control in the short-term. However, the long-term outcome is a different matter altogether. The long-term outcome of cirrhotic patients with pleural effusion is mostly a consequence of the underlying function of the cirrhotic liver or the underlying cardiopulmonary function. Our study highlights the poor long-term prognosis of cirrhotic patients with pleural effusion, and the presence of pleural effusion requiring drainage should be considered as a negative long-term prognostic factor. The 30-day, 90-day, 1-year, and 3-year mortalities were 20.1%, 40.2%, 59.1%, and 75.9%, respectively. This finding is compatible with one recent study. [9] Badillo et al. reported that about 10% of patients (8/77) died within 30 days following index hospital admission, and more than half of the patients died within 1 year following presentation with hepatic hydrothorax. According to their report, pleural effusion was regarded as a poor prognostic factor, and the mortality was independent of the Mayo Clinic model for end-stage liver disease (MELD) score. [9] In our study, we also identified the factors associated with the 3-year mortality for cirrhotic patients with pleural effusion. The complications of liver cirrhosis including HE, bleeding esophageal varices, and HCC, were predictive factors for long-term mortality. The comorbidities including old age, pneumonia, and RFI are also risk factors for mortality in cirrhotic patients with pleural effusion requiring drainage. Although ascites, heart failure, and lung cancer are important etiological factors for pleural effusion, these comorbidities were not associated with long-term outcome. Therefore, aggressive treatment is required for patients with decompensated status and multiple comorbidities.
According to our report, liver transplantation is the most important factor to determine the 3-year mortalities (HR: 0.17, 95% CI 0.11-0.26, P < 0.001). Liver transplantation markedly improved the patient outcome and the result was compatible with other studies. [22] One hundred and five patients (105/3487; 3%) underwent liver transplantation.The benefit on the mortality of cirrhotic patients starts within the first 30 days after liver transplantation [ Figure 1 and Table 3 ]. A very impressive plateau in the survival curve was noted after 1 year in the transplantation group. To reverse the poor outcome in cirrhotic patients with pleural effusion, early liver transplantation should be considered. Therapeutic options for this population include frequent paracentesis, transjugular intrahepatic portosystemic shunt (TIPS), and liver transplantation. [10, 16, 19] TIPS is an efficacious treatment for patients for whom transplant is not an immediate option. However, this technique is available only in a few hospitals in Taiwan. After extracting the code of technique fee from the database, no patient underwent this treatment in our study.
To the best of our knowledge, this is the first population-based study reporting the effects of pleural effusion on long-term mortality in cirrhotic patients. Several limitations of this study should be mentioned. First, although the severity of cirrhosis was commonly based on the Child-Pugh score or MELD score, the laboratory data such as prothrombin time, or albumin, bilirubin, or creatinine levels could not be identified by ICD-9 coding numbers in this database. However, the Cox regression model was used to control for possible confounding factors and make the results significant and robust. Second, the etiology of the pleural effusion or ascites could not be well-evaluated in this study because fluid-analysis data were lacking. However, this study provides an overview of the effect of pleural effusion on the mortality of cirrhotic patients and provides some information for physicians caring for such patients. The large sample size provides the statistical power to detect differences in the mortality risk for cirrhotic patients with pleural effusion, and may provide better information for clinical practice. Third, since the volume of pleural effusion or ascites could not be quantified in this database, the study only enrolled cirrhotic patients requiring drainage. Cirrhotic patients with minimal pleural effusion or ascites would not have been included in this study. Therefore, the mortality rate might be overestimated in this cohort. Further studies may be needed to evaluate the long-term outcomes of cirrhotic patients with mild or transient pleural effusion. Fourth, the causes of death were not available in our dataset. Due to the high cirrhosis mortality rate in this population, we can suppose that most causes of death were related to the liver disease. Despite these limitations, this nationwide population-based study identified the mortality risk associated with pleural effusion requiring drainage in cirrhotic patients.
CONCLUSION
In summary, cirrhotic patients with pleural effusion have a high long-term mortality, and physicians should be aware of the high mortality of these patients. Liver transplantation could dramatically improve survival in cirrhotic patients with pleural effusion. Early liver transplantation may be an appropriate option for such patients.
